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REMARKS 

Claims 43, 48, 50, 58-63 and 65-67 are currently pending following entry of the 
instant Amendment. The amendment results in a net reduction of 31 claims, leaving claim 
43 as the sole only a single independent claim. As presently constituted, the claimed 
invention is directed to a plant cell that contains nucleotide sequences encoding a 
biologically functional multimeric protein which is an immunoglobulin molecule. The plant 
contains nucleotide sequences encoding an immunoglobulin heavy and light chain 
polypeptide wherein each polypeptide contains a leader sequence forming a secretion 
signal. The plant cell also contains immunoglobulin molecules encoded by the nucleotide 
sequences, wherein each leader sequence forms a secretion signal that is cleaved from the 
Immunoglobulin heavy chain and light chain polypeptide following proteolytic processing. 

The amended claims and the newly added claims are fully supported by the 
specification, and do not introduce new matter or require new search. Support for claim 
43 can be found, for example, at page 73-77 (Examples 7 and 8). Applicants respectfully 
submit that the amendments should be entered into the case because they either place the 
case in condition for an allowance or reduce issues upon appeal. 

The examiner's attention is directed to the fact that the sole independent claim 
remaining in the case (claim 43) now contains language similar to claims that the examiner 
has previously indicated are allowable over the same subject matter (During and Goodman) 
in copending U.S. Serial No. 09/199,534 (compare instant claim 43 to claim 21 in 
09/199,534). In view of these amendments and arguments below. Applicants respectfully 
submit that the application is in condition for allowance. 

AMENDMENT OF THE SPECIFICATION 

Applicants have amended the cross reference section in the first paragraph of the 
specification, as noted above. Accordingly, the status of all parent priority 
applications/patents have been updated. 
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NON STATUTORY DOUBLE PATENTING 

Claims 21-64 and 65-68 have been provisionally rejected under the judicially created 
doctrine of obviou$ne5$-type double patenting as being allegedly unpatentable over claims 
21-30 and 36-37 of copending Application No. 09/199,534; 

Claims 21-40, 42-64 and 65-68 have been provisionally rejected under the judicially 
created doctrine of obviousness-type double patenting as being allegedly unpatentable over 
claims 21 and 32-78 of copending Application No. 09/200,657; 

Claims 21-40, 42-64 and 65-68 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as being allegedly unpatentable over claims 
6-12 of U.S. Patent No. 5,959,177; 

Claims 21-40, 42-64 and 65-68 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as being allegedly unpatentable over claims 
1-5 of U.S. Patent No. 5,202,422; and 

Claims 21-40, 42-64 and 65-68 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as being allegedly unpatentable over claims 
1-7 of U.S. Patent No. 5,639,947. 

As discussed in the previous response (Paper No. 8, pages 4-6), Applicants 
respectfully disagree and traverse the rejection. In the interests of furthering prosecution 
of the case, however, the above mentioned disclaimers have been provided herewith, 
Applicants reserve the right to later withdraw the disclaimer depending on circumstances. 

REJECTION UNDER 35 U.S-C. 8 102 OVER pORING 

The rejection of claims 21-40 and 42-68 under 35 U.S.C. § 102(b) as being 
allegedly anticipated by During (Dissertation) is respectfully traversed. Claims 21-40, 42, 
44-47, 49, 51-57, 64, and 68 have been cancelled herein, rendering the rejection moot as 
to these claims. Reference to page numbers in During are to th English language 
translation. 
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Relevant Law 

In order to anticipate a claim, a single prior art publication must provide each and 
every element set forth in the claim. Furthermore, the claims must be interpreted in light of 
the teachings of the specification. In re Bond, 15 USP02d 1566, 1567 (Fed. Cir. 1990), 
See alsoMPEP §2131. 

Argument 

The claims as amended herein are directed to a plant cell that contains nucleotide 
sequences encoding an immunoglobulin heavy and light chain polypeptide wherein each 
polypeptide contains a leader sequence forming a secretion signal. Also required is that the 
plant cell contain biologically functional immunoglobulin molecules encoded by the 
nucleotide sequences, wherein each leader sequence forms a secretion signal that is 
cleaved from the immunoglobulin heavy chain and light chain polypeptide following 
proteolytic processing. Thus, as presently constituted, the claimed invention requires that 
the heavy and light chain of the immunoglobulin contain a leader sequence which is 
removed during proteolytic processing. 

Although Applicant believes that the prior pending claims are patentably distinct 
over the cited art, in the interests of furthering prosecution, claim 43, the sole remaining 
independent claim in this case, now contains language similar to claim 21 of copending 
09/199,534, the latter previously deemed allowable by Examiner Phuong Bui over During 
and/or Goodman, As was argued successfully in copending 09/199,534, neither During or 
Goodman, alone or in combination fail to anticipate or render obvious a plant cell that 
contains nucleic acid sequence encoding an immunoglobulin light and heavy chain each 
with a leader sequence and contains immunoglobulin molecules where the leader 
sequences are removed following proteolytic processing in the cell. 

The claimed invention includes nucleic acid sequences which encode an 
immunoglobulin polypeptide that enters into the protein secretory pathway once the leader 
sequences are cleaved. This strategy requires that the leader sequence is located directly 
in front of {5' to) the DNA encoding the mature polypeptid , Correct processing of the 
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protein allows the assembly and secretion of the immunoglobulin protein and accumulation 
in the Golgi vesicles and the cell wall. The During dissertation discloses a distinctly 
different strategy. In this case, the barley amylase leader sequence was cloned directly in 
front of (5' to) the heavy chain polypeptide encoding DNA while in the case of the light 
chain additional amino acids were placed between the barley leader and the light chain 
polypeptide encoding DNA (i.e., Gly-Ser-Met). During, p. 18 at top of page. As detailed in 
the dissertation, the alleged resulting immunoglobulin molecules were not detected in the 
cell wall or golgi but were detected only in chloroplasts and in the cytoplasm. This 
indicates that the molecules the light chain leader sequence was not processed correctly 
affecting assembly of the molecule and its entry into protein secretory pathway. Id, 
During, therefore, chose two distinct strategies for expressing each immunoglobulin chain. 

The additional amino acids that would be encoded at the 3' end of the light chain 
leader sequence constructed by During were unusual in the context of known eukaryotic 
signal cleavage sites. At the time of During's Dissertation and prior to filing the present 
application, it was not clear what effect additional amino acids at the end of a leader 
sequence would have on final processing of the leader. Studies by the present Applicants 
as well as others in the art indicate that by introducing Gly-Ser-Met amino acids between 
the C-terminal end of the leader and the first amino acid of the mature kappa chain, the 
structure of the potential cleavage site is altered. 

Thus, During teaches an alternative strategy to that of the claimed invention where 
the expression of the light chain is directed by a chimeric signal peptide-light chain gene 
which includes three amino acids not normally found at the C-terminus of a eukaryotic 
signal sequence (During, p. 18, line 7; Figure III/4}. Using this strategy. During detected 
"aggregated" immunoglobulin as defined by immunoreactivity with AC38 in the cytoplasm 
and principally in chloroplasts, while no immunoglobulin was detected in the cell wall, golgi 
or vesicles. During, p94. During's results are at odds with protein secretion in plants and 
were in fact at odds with his own data on expressing lyso^yme in plants where the protein 
leader sequence was not mutated and the single polypeptide processed and entered the 
secretory pathway and eventually was detected in the cell wall but not in chloroplasts. 
During, p. 97, lines 6-23. 



023.208925.2 

Received from <> at 1/28/02 10:17:32 PM [Eastern Standard Time] 



-7- 



'JAN. 28. 20-02 7:04PM 85W92-6773 FOLEY AND LARDNER 



WO. 0757 P. 13 



Atty. Dkt. No.:EPI3007D 
(formerly TSRI 184.2CON'3) 

During, therefore, used a different strategy from the present inventors and achieved 
a transgenic plant that does not result in correct post-expression processing and secretion 
of the heavy and light chain resulting in a connplete and fully imnnunoglobulin molecule. On 
this basis alone. During fails to anticipate the claimed invention. 

Applicant further respectfully submits that During is not an enabling disclosure 
because there are numerous deficiencies which would raise reasonable doubt that During 
even succeeded in expressing and immunoglobulin in a tobacco plant. During was unable 
to detect immunoglobulin light chain expression following transfection of plant cells with a 
vector encoding only a light chain gene. During, p. 80, line 2 ("Repeated attempts to 
directly detect the light chain of B1-8 and for T4 lysozyme from the crude extract of 
tobacco mesophyll protoplasts were unsuccessful."). Because it was known for 
mammalian cells that light chain was much easier to express than heavy chain, During's 
failure to express light chain would have raised serious doubts coloring the reasonable 
believability of his ultimate claims to have secreted a biologically active complete heavy- 
light chain antibody. 

Despite the failure to achieve light chain expression by itself. During proceeds to 
clone the heavy, chain into the expression vector and attempts immunoglobulin expression 
with both a light and a heavy chain in plant cells. Convinced that he could not directly 
detect immunoglobulin expressed by his plant cells, During attempts to develop a method 
to enrich the antibody from extract before performing detection by Western blotting. 
During, p87, 3"* and 4*^ paragraph. 

To enrich for antibody in the plant extract. During exposed large volumes of plant 
the extract to several rounds of affinity purification with CNBr activated Sepharose 4b to 
which is attached Lsl36 antibody (monoclonal antibody to light chain) and NP hapten. 
During, p. 87, 4th full paragraph through page 89. lines 1 1-13. 

During reports that direct Western blotting (without affinity enrichment) resulted in 
detection of the light chain but not the heavy chain. During Thesis, page 89 lines 3-4 
("Only the detection of processed light chain was possible for different callus material."). 
Following processing to affinity purify antibody from the plant extracts. During again 
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detects only a light chain signal and infers that whole active antibody must have been 
present for such result to have been obtained. 

By using affinity chromatorgraphlc purification with NP 
Sepharose and then Western blotting, the presence of a 
functional aggregated antibody to be indirectly demonstrated 
from induced leaf nnaterial of a Greenhouse A10 plant indirectly 
by detection of the light chain from isolated, biologically active 
hapten-bound plant B1-8 was determined. 

Id. During also employs tissue printing which involves pressing the leaf against a 
membrane and attempting to detect the protein expression by reaction with the membrane. 
During, paragraph bridging p88 and 89, During now claims positive signal for both the light 
chain and the heavy chain and binding by the Ac38 antibody, which allegedly binds only 
when light chain is associated with heavy chain. Ac38 is a monoclonal antibody whose 
epitope is formed from both the heavy and light chain assemble in the correct tertiary and 
quaternary structure. However, the specificity of the Ac38 antibody used by During was 
never properly uncharacterized for the various assay formats used. Furthermore, there is 
no published report demonstrating that Ac38 can detect B 1-8 following the fixation and 
denaturation procedures used by During. During emphasizes that the Ac 38 antibody 
requires the correct tertiary and quaternary procedure to bind B 1-8 (During, p. 86). raising 
a question whether binding and/or specificity for the B1-8 epitope i$ present following a 
denaturation step. The deficiencies in the characterization of the AC38 antibody used by 
During would have raised serious doubts about the reasonableness of During's conclusions 
for successful antibody expression in plants. 

To recount, when During attempts to express only the light chain, he detects 
nothing but when he express both the light and heavy together, he detects all chains by 
direct tissue printing and detects only the light chain (but infers the presence of an 
assembled light and heavy chain) by Western blotting of plant extracts which have been 
pre-enriched for antibody by affinity chromatography. Although differences between 
assays can under certain circumstances be adequately explained, when one encounters the 
situation described by During, there needs to be rigorous controls in place, panicularly 
when one is working at the level of detection that During himself admits to be worlcing. 
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Although During uses controls, he does not use a sufficient number of controls or 
adequately describe those few that he uses to allow proper scrutiny of the results. For 
example, in the tissue printing experiments, the only control used is described as follows; 

By saturation of the employed antibodies as wild type extract, 
no cross reactions develop for the control spot and the green 
color of the chlorophyll remained visible. 

This description is wholly inadequate to explain the nature of the control. In any 
event, even if explained, more controls would be needed to allow the conclusion that 
During takes from the results. For example, the specificity of binding should have been 
evaluated by determining if it was subject to inhibition in the presence of purified 
immunoglobulin, purified heavy chain, purified light chain and other protein controls. It is 
inexplicable why During fails to use adequate controls because they were well known to 
those of ordinary skill in the art at the time of Dijring. In addition, During's use of plant 
extract pre-enrichment prior to Western blotting also was inadequately described and one 
cannot discern whether he adequately controlled for artifacts, well known to exist with 
such a procedure. For example, it was well known CNBr linkage is subject to leaching 
During affinity chromatography, and that this varies with the agent used to remove the 
bound protein. See Qoldenberg et al. Bioconjug Chem 1991 Jul-Aug;2(4):275-80 (Abstract 
attached as Exhibit A); Lihme et al., J Chromatogr 1986 Apr 1 1;376:299-305 (Abstract 
attached as Exhibit B). During, however, does not describe how protein was eluted from 
his Sepharose 4b absorbent. During translation, p. 88, end of first full paragraph {"After 
overnight incubation of the corresponding affinity gel at 4(C on the Denley roller, the bound 
protein is eluted in an Eppendorf flask under appropriate conditions and concentrated by 
ultrafiltration"). Furthermore, there is no indication in During that a control for column 
leaching was used or even considered. In addition, as already discussed. During failed to 
adequately characterize the specificity of the AC38 antibody in the assay format for which 
it was used. 

Accordingly, because During fails to disclose each and every element of the claimed 
invention, and alternatively is a non-enabling disclosure, the rejection under § 102(b) fails as 
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B matter of law. The examiner, therefore, is respectfully urged to withdraw the rejection of 
the claims. 

REJECTION UNDER 35 U.S.C. § 102 OVER GOODMAN 

The rejection of claims 21-40 and 42-68 under 35 U.S.C. § 102(e) as being 
allegedly anticipated by Goodman (U.S. 4,956,282) Is respectfully traversed. Claims 21- 
40, 42, 44-47, 49/ 51-57, 64, and 68 have been cancelled herein, rendering the rejection 
moot as to these claims. As already discussed the claims as amended herein are directed 
to a plant cell that contains nucleotide sequences encoding an Immunoglobulin heavy and 
light chain polypeptide wherein each polypeptide contains a leader sequence forming a 
secretion signal. Also required is that the plant cell contain biologically functional 
immunoglobulin molecules encoded by the nucleotide sequences, wherein each leader 
sequence forms a secretion signal that is cleaved from the immunoglobulin heavy chain and 
light chain polypeptide following proteolytic processing. 

Thus as presently constituted, the claimed invention requires that a secretion signal 
be used for both the heavy and light chain of the immunoglobulin and that there be proper 
assembly of the heavy and light chain following proteolytic processing which removes the 
leader from each chain. Goodman's teachings at best are limited to expressing gamma 
interferon, a lymphokine that is a single polypeptide and is functionally distinct from 
immunoglobulin. With only a single sentence thai mentions the production of 
immunoglobulins, the Goodman disclosure is not enabling for immunoglobulin. Goodman's 
passing reference to immunoglobulin expression is mere speculation, amounting to nothing 
more than an invitation to experiment. Accordingly, because Goodman fails to disclose 
each and every element of the claimed invention, the rejection under 5102(e) fails as a 
matter of law. The examiner, therefore, is respectfully urged to withdraw the rejection of 
the claims. 

REJECTION UNDER 35 U.S.C. S 103 OVER DORING 

The rejection of claims 21-40 and 42-68 under 35 U.S.C, § 103(a) as being 
allegedly obvious over During is respectfully traversed, Claims 21-40, 42, 44-47, 49, 51- 
57, 64, and 68 have been cancelled herein, rendering the rejection moot as to these claims. 
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Relevant Law 

A claimed invention is obvious if the differences between it and the prior art "are 
such that the subject matter as a whole would have been obvious at the time the invention 
was made to a person having ordinary skill in the art." 35 U.S.C. § 103 (1994); see also 
Graham v, John Deere, 383 U.S. 1,13 (1966). 

Federal Circuit case law provides that "Itjhe consistent criterion for determination of 
obviousness is whether the prior art would have suggested to one of ordinary skill in the art 
that this process should be carried out and would have a reasonable likelihood of success, 
viewed in the light of the prior art." In re Dow Chem., 837 F.2d 469, 473, 5 USPQ2d 
1529, 1531 (Fed.Cir.1988). Under the law, there must be a showing of a suggestion, 
teaching, or motivation to combine the prior art references is an "essential evidentiary 
component of an obviousness holding," C.R. Bard, Inc. v. M3 Sys. Inc., 157 F.3d 1340, 
1352, 48 USPQ2d 1225, 1232 (Fed.Cir.l 998). Also required is that the combined 
teachings have a reasonable expectation of success, viewed in light of the prior art. See 
In re Dow Chemical Co., 837 F.2d 469, 473, 5 U.SPQ2d 1529, 1531 (Fed.Cir.l 988)("Both 
the suggestion and the expectation of success must be founded in the prior art, not in 
applicant's disclosure."). 

The examiner bears the burden of establishing a prima facie case of obviousness. In 
re Rijckaert 9 F.3d 1531, 1532, 28 USPQ2d 1955, 1956 (Fed.Cir.l 993); In re Oetlker, 
977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed.Cir.l 992). This showing must be 
clear and particular, and broad conclusory statements about the teaching of multiple 
references, standing alone, are not "evidence/ See Dembiczak, 175 F.3d at 1000, 50 
USPQ2d at 1617. However, the suggestion to combine need not be express and "may 
come from the prior art, as filtered through the knowledge of one skilled in the art." 
Motorola, Inc. v. Interdigital Technology Corp., 121 F.3d 1461, 1472, 43 USPQ2d 1481, 
1489 (Fed.Cir.l 997). Only when the examiner's burden is met does the burden of coming 
forward with rebuttal argument or evidence shift to applicant. Rijckaert, 9 F.3d at 1532, 28 
USPQ2d at 1956. 
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Argument 

As already discussed under anticipation, the Dtiring reference fails to teach each 
and every limitation of the claimed invention. In particular, because the strategy used by 
During for expression is different from Applicants' claimed invention, resulting in 
expression that fails to achieve correct post-expression processing of the heavy and light 
chain resulting in a complete and fully immunoglobulin molecule, As noted by the 
Applicants, During's strategy likely obscured the recognition site for proteolytic processing 
and removal of the leader peptide, a step that is necessary for proper assembly of a heavy- 
light chain antibody construct. 

Applicant further respectfully submits that During is not an enabling disclosure 
because it has numerous deficiencies which would raise reasonable doubt that During even 
succeeded in expressing and immunoglobulin in a tobacco plant. DGring was unable to 
detect immunoglobulin light chain expression following transfection of plant cells with a 
vector encoding only a light chain gene. During, p. 80, line 2 ("Repeated attempts to 
directly detect the light chain of B1-8 and for T4 lysozyme from the crude extract of 
tobacco mesophyll protoplasts were unsuccessful."}. Because it was known for 
mammalian cells that light chain was much easier to express than heavy chain, During's 
failure to express light chain would have raised serious doubts coloring the reasonable 
believability of his ultimate claims to have secreted a biologically active complete heavy- 
light chain antibody. 

Despite the failure to achieve light chain expression by itself, During proceeds to 
clone the heavy chain into the expression vector and attempts immunoglobulin expression 
with both a light and a heavy chain in plant cells. Convinced that he could not directly 
detect immunoglobulin expressed by his plant cells. During attempts to develop a method 
to enrich the antibody from extract before performing detection by Western blotting. 
During, p87, 3'** and A'*" paragraph. 

To enrich for antibody in the plant extract, During exposed large volumes of plant 
the extract to several rounds of affinity purification with CNBr activated Sepharose 4b to 
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which is attached Lsl36 antibody (monoclonal antibody to light chain) and NP hapten. 
During, p. 87, 4th full paragraph through page 89, lines 11-13. 

During reports that direct Western blotting (without affinity enrichment) resulted in 
detection of the light chain but not the heavy chain. During Thesis, page 89 lines 3-4 
("Only the detection of processed light chain was possible for different callus material."). 
Following processing to affinity purify antibody from the plant extracts, During again 
detects only a light chain signal and infers that whole active antibody must have been 
present for such result to have been obtained. 

By using affinity chromatorgraphlc purification with NP 
Sepharose and then Western blotting, the presence of a 
functional aggregated antibody to be indirectly demonstrated 
from induced leaf material of a Greenhouse A10 plant indirectly 
by detection of the light chain from isolated, biologically active 
hapten-bound plant B1-8 was determined. 

Id, DGring also employs tissue printing which involves pressing the leaf against a 
membrane and attempting to detect the protein expression by reaction with the membrane. 
During, paragraph bridging p88 and 89. Diirlng now claims positive signal for both the light 
chain and the heavy chain and binding by the Ac38 antibody, which allegedly binds only 
when light chain is associated with heavy chain. Ac38 is a monoclonal antibody whose 
epitope is formed from both the heavy and light chain assemble in the correct tertiary and 
quaternary structure. However, the specificity of the Ac38 antibody used by During was 
never properly uncharacterized for the various assay formats used. Furthermore, there is 
no published report demonstrating that Ac38 can detect B 1-8 following the fixation and 
denaturation procedures used by During. During emphasizes that the Ac 38 antibody 
requires the correct tertiary and quaternary procedure to bind B 1-8 (During, p. 86), raising 
a question whether binding and/or specificity for the Bl-8 epitope is present following a 
denaturation step. The deficiencies in the characterization of the AC38 antibody used by 
During would have raised serious doubts about the reasonableness of During's conclusions 
for successful antibody expression in plants. 

To recount, when During attempts to express only the light chain, he detects 
nothing but when he express both the light and heavy together, he detects all chains by 
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direct tissue printing and detects only the light chain (but infers the presence of an 
assembled light and heavy chain) by Western blotting of plant extracts which have been 
pre-enriched for antibody by affinity chromatography. Although differences between 
assays can under certain circumstances be adequately explained, when one encounters the 
situation described by During, there needs to be rigorous controls in place, particularly 
when one is working at the level of detection that During himself admits to be working. 

Although During uses controls, he does not use a sufficient number of controls or 
adequately describe those few that he uses to allow proper scrutiny of the results. For 
example, in the tissue printing experiments, the only control used is described as follows: 

By saturation of the employed antibodies as wild type extract, 
no cross reactions develop for the control spot and the green 
color of the chlorophyll remained visible. 

This description is wholly inadequate to explain the nature of the control. In any 
event, even if explained, more controls would be needed to allow the conclusion that 
DOring takes from the results. For example, the specificity of binding should have been 
evaluated by determining if it was subject to inhibition in the presence of purified 
immunoglobulin, purified heavy chain, purified light chain and other protein controls. It is 
Inexplicable why During fails to use adequate controls because they were well known to 
those of ordinary skill in the art at the time of During, In addition, During's use of plant 
extract pre-enrichment prior to Western blotting also was inadequately described and one 
cannot discern whether he adequately controlled for artifacts, well known to exist with 
such a procedure. For example, it was well known CNBr linkage is subject to leaching 
During affinity chromatography, and that this varies with the agent used to remove the 
bound protein. See Goldenberg et al. Bioconjug Chem 1991 Jul-Aug;2(4):275-80 (Exhibit 
A); Lihme et al., J Chromatogr 1986 Apr 1 1 ;376;299-305 {Exhibit B). During, however, 
does not describe how protein was eluted from his Sepharose 4b absorbent. During 
translation, p. 88, end of first full paragraph ("After overnight incubation of the 
corresponding affinity gel at 4(C on the Denley roller, the bound protein is eluted in an 
Eppendorf flask under appropriate conditions and concentrated by ultrafiltration''). 
Furthermore, there is no indication in During that a control for column leaching was used or 
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even considered. In addition, as already discussed. During failed to adequately characterize 
the specificity of the AC38 antibody in the assay format for which it was used. 

Accordingly, since there is no teaching or combination of teachings that could cure 
the deficiencies noted for During, and because the results obtained by the present 
inventors were clearly unexpected and surprising, especially in light of the lack of success 
of During, the obviousness rejection under § 103 (a) fails as a matter of law, The examiner, 
therefore, is respectfully urged to withdraw the rejection of the claims, 

REJECTION UNDER 35 U.S.C, S 103 OVER GOODMAN 

The rejection of claims 21-40 and 42-68 under 35 U,S.C. § 103(a) as being 
allegedly obvious over Goodman is respectfully traversed, Claims 21-40, 42, 44-47, 49, 
51-57, 64, and 68 have been cancelled herein, rendering the rejection moot as to these 
claims. 

As already discussed under anticipation, Goodman's teachings at best are limited to 
expressing gamma interferon, a lymphokine that is a single polypeptide and is functionally 
distinct from immunoglobulin. With only a single sentence that mentions the production of 
immunoglobulins, the Goodman disclosure is not enabling for immunoglobulin. Goodman's 
passing reference to immunoglobulin expression is mere speculation, amounting to nothing 
more than an invitation to experiment. The Goodman reference fails to teach each and 
every limitation of the claimed invention. 

Furthermore, as already mentioned, gamma interferon is structurally and functionally 
distinct from immunoglobulin light or heavy chains, the latter of which are immunoglobulin 
superfamily members, Also, it was known by the late 19803 that antibodies encompassing 
a heavy and a light chain are secreted through a complex interaction between the chains 
and other proteins. For example, heavy chain production in B cells was known to precede 
that of light chain production in ontogeny, and that the heavy chain binds to the BiP protein 
in the endoplasmic reticulum before heavy chain assembles with light chain. See e.g., Hass 
et al., Proc. NatL Acad. Sci. USA 81:7185-7188 (1984J {copy attached as Exhibit C. 
p.7187, right column, citing reference 12, Burrous et al.. PNAS USA 78:564 (1981)). It 
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was al$o known that heavy chain production in the absence of light chain production was 
often fatal in mature 8 lymphocytes. See e.g., id. (Exhibit C; p.7185, left column). 
Furthermore, if heavy chain were produced without light chains, the heavy chains were not 
secreted (see Pepe et al., J. Immunol, 137:2367-2372 (1986); copy attached as Exhibit D, 
p,2367, left column); The opposite was true, however, when light chains were secreted , 
without heavy chains. 

It Is respectfully submitted, therefore, that the above noted deficiencies in the 
teachings of Goodman clearly demonstrate that no substantive foundation exists upon 
which to find the claims obvious over this reference. It is also submitted that no such 
teachings or combination of teachings exist that could cure the deficiencies noted for 
During. Moreover, as Applicants argued in the previous response, the unexpected results 
obtained from the instant invention was so surprising that the present inventor's work was 
featured on the cover of the prestigious journal Nature (Nov. 2: 342 (6245):76-78, 1989)- 



Applicant believes that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 

The Examiner is urged to contact the undersigned by telephone to address any 
outstanding issues standing in the way of an allowance. 



CONCLUSION 



Respectfully submitted, 



FOLEY & LARDNER 
P. 0. Box 80278 

San Diego, California 92138-0278 
Telephone: (858) 847-6722 
Facsimile: (858) 792-6773 



Date; January 28, 2002 




Attorney for Applicant 
Registration No. 39,431 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

43. (Amended) A plant cell that contains (a nucleotide sequence that encodes] 
nucleotide sequences encoding a biologically functional multimeric protein not normally 
produced by the plant cell , wherein said multimeric protein is an immunogloburm molecule, 
said nucleotide sequences encoding an immunoglobulin heavy and light chain polypeptide 
wherein each.pojy^eptide contains a leader sequence forming a secretion signal: and 
immunoglobulin molecules encoded by said nucleotide sequences, wherein each leader 
sequence forms a secretion signal that is cleaved from said immunoglobulin heavy chain 
and light chain polypeptide following proteolytic processing . 

48. (Amended) The plant cell of claim 43 wherein the tmultimeric protein] 
immunoglobulin molecule forms a binding specific for a predetermined antigen. 

50. (Amended) The plant cell of claim 43 wherein the [multimeric protein) 
immunoglobulin molecule is an abzyme, 

58, (Amended) The plant cell of claim 43 wherein the immunoglobulin [product] 
molecule comprises an antibody. 

59, (Amended) The plant cell of claim 43 wherein the immunoglobulin [product] 
molecule comprises a paratope. 

60, (Amended) The plant cell of claim 43 wherein the [multimeric protein comprises 
a glycosylated] immunoglobulin molecule is glycosylated, said glycosylation being free of 
sialic acid. 

65. (Amended) The [method] plant ceil of claim 43 wherein the leader sequence is 
a [non-native] non-lmmunoglobulin leader sequence. 

66. (Amended) The [method] plant cell of claim [65] 43, wherein the leader 
sequence is a yeast leader sequence, 

67. (Amended) The [method] p_i.a.nt__c_ell of claim [65] 43, wherein the leader 
sequenc is a plant leader sequence. 
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□ 1: Bioconjug Chem 1991 Jul-Aug;2(4):275-80 Related Articles, ™« b 

Specific interchain cross-linking of antibodies us 
bismaleimides. Repression of ligand leal<age in 
immunoaffinity chromatography. 

Goldberg M, Knudsen KL, Piatt D, Kohen F, Bayer EA, 
Wilchek M. 

Department of Biophysics, Weizmann Institute of Science, 
Reliovot, Israel. 

The extensive use of antibody-containing affinity columns in • 
purification of biologically active compounds (e.g., geneticalh 
engineered proteins) is severely hampered by the leaching o1 
antibody (or portions thereof) from the Immunoafnnity resin 
during elution of the target antigen. One of the major problei 
this context is the combined use of reducing (i.e., thiols) and 
chaotropic (e.g., detergents and denaturants) agents In the 
elution step, which causes the disassoclation of heavy and/or 
chains from the immobilized antibody, thereby contaminatinc 
resultant product. In order to overcome this problem, we ha\ 
cross-linked the four antibody chains at their sites of disulfide 
interlinkage, thus producing a single antibody chain. To 
accomplish this, interchain disulfide bonds were reduced, anc 
resultant thiol groups were cross-linked by using bifunctlonal 
specific reagents (particularly bismaleimides). Cross-linking c 
to 95% of the available SH groups produced was achieved wi 
concomitant retention of antigen-binding activity. The cross- 
linked antibody was immobilized onto CNBr-actlvated Sephar 
and the resultant column was found to be substantially more 
stable to harsh elution'conditions than similar columns which 
contain the un-cross-linked antibody. 



PMID: 1772910 [PubMed - indexed for MEDLINE] 
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D 1 : J Chromatogr 1 986 Apr 1 1 ; 376 : 299-305 Related Abides. «(w B 

Divinylsulphone-activated agarose. Formation o1 
stable and non-leaking affinity matrices by 
immobilization of immunoglobulins and other 
proteins. 

Lihme A, Schafer-Ni'elsen C, Larsen KP, Muller KG, Bog- 
Hansen TC. 

Divinylsulphone-activated agarose Is an attractive alternative 
several of the activated supports usually used. Unlike CNBr- 
activated gels, it does not leak the Immobilized protein at hig 
pH. It reacts readily with proteins at near-neutral pH (unlike 
epoxy-activated supports). Generally, divinylsulphone-activai 
agarose reacts with amino, hydroxyl, and suiphydryl groups, 
allowing immobilization of a wide spectrum of ligands. Moreo 
it is available in an aqueous suspension free of organic solver 
and neither requires time-consuming swelling nor washing. 
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Immunoglobulm heavy chain toxicity in plasma cells is neutralized 
by fusion to pre-B cells 

(imjnunot;lobiil3a cjia^n itiss/lsociccirfc focudng af ncdvy chain) 
INGRID C. Haas' and MATTHtAS R. V/AflL*^ 

*Hri=dnLh.MiMdurr.Labflfaiof;um der MflX-^rancfc^GcitlfscKafi. Spcmarfwimtc: 1709. D-T-tOO TUhina-ii Fed«faJ R^Bufal^ nf r.^-«. ^ *n , , . 
for ImmuftolOBr. GAj^ilachcntrasaa 4^7. CH-^Wfl Bajd. 5*ill«1and it^aing^a. i-<M«fiJ K«pubhe gf Gcrmfloy; ^nd tflwd Innfiutc 

Communicated by iVr>/j JC, Jcrne, July 0. l^J^ 



A3^TRACT A platfnu ceJJ hybridoma frequently loses iU 
immunnglflhulin Eiitavy (K) chain jtponiAncuujjy but rarely is 
productiun of ila light (L) cbain lo^l. U|>oii fusion lo a prc^B- 
ccll hybn'domii IhaL produ<cf no chtfin, the L diain b Tre- 
queotly tost. In ceils without iht chqin the H cJiain, which b 
derived from (he ptojma ccU, is not chemically modified. Our 
reaulU indicnte thai, in prcS cells, but not in pla<;mtt cdJs, 
there muiit be a mcchani^ni that ncutraliMS Ihc (oxic effect of 
frte H chain. 

Myelomaj 3nd hyfaridomas derived from plasma cells le- 
crctc tmmunogJgbulift consisting of heavy (H) arid light (L) 
ghaina. From such cell lines, subclones thai have lost H 
chain exprcision can be recovered, but :hcy still secrete ihc 
L chain (I, 1). The L cham cnn then be at the same 
frequency as chc H chain. On the other hand, it seems to be 
very dilTicult ro recover cells that have L chuin exprcS' 
sion but that stilt synthesize the H chain (L-3) except when 
tha celli arc fnutagcnized (4) or cxprcis a ftiuiant H chain (5- 
7). Thcsa observations have led to ihe view ih;it the free H 
chain is igxic to the cclb (2, 3). How-cvcr, cclla of an earlier 
differenciaiion siagc. prc-0 cells, syntfieijiiuc intniceilular H 
chain in the absence of the L chain (3), To explain this differ- 
ence, several possibilities hnvc been proposed: (0 the rate of 
H chain synthesis in pre-B cells is too low to damage rhc cell 
(9); (fO Ihc prc-fl cell synthesizes a different H chain that is 
not toxic to the cell (2;; or (irV) in prc-B cells, there is a spe- 
cial protein that neuiralixei the to.^ic effect of the free H 

chain (10, I U. 

Here wc report that hybrtdomas dtirived from prc-B cells 
are not different from plasma cell hyhridomas with respect 
CO their rate of H chain synthesis and steady-state level of H 
chain, How/cvcr they do not synthesize the L chain. In con- 
. sequence, we i//anled lo answer the questfon w/hdther there 
arc pre-B-ccI! hybridomas that can synthesize a free H 
chain, which has been sho^n lo be toxic in pla.'tma cell hy* 
bridoina^. 

MATERIALS AND METHODS 

Cell Lines. Sp2 and GK14.1 were csiablishctl and provided 
by G. Kohlcr (Basel). The cell lines are derived from fusions 
bcfwcen spleen ceils and ft myeloma* X63 AgU, and synthe- 
size IgC2t3. Sp2.0 is an aza guanine -resistant subclond ofSpZ 
and ha^ Inst Ig expression. Ceil lines H3^2l. Hj20. H31.a. 
and H6 arc derived from fusions beiwccn ylb-synthcsizing 
subclones of (he Abelson vinj.viransformed pre-B 'Cell line 
IS^ai and XW Aga6j3 (12). Clone Hoi is a subclone of H6 
and synthesizes no Ig chain, NORA hybridgnia^ were made 
by fUMon of Sp2 HL Aj.li and H62. SP5P hybridomas are 
derived from a fusion between SpZ.U and Sp2. Cell fusion 



Thtf piibHcarioft COSU cjf this :irticlc wltc tierniyoJ in pur* by pii^jc chyf$i: 
pttyfficni, TfiiJ itnjcle mu5( tlierciorc oe hcrcljy murlcii'J "u^virriucmrnr 
in sccordancfl wuh IS U.,S.C. U75^ to iiidicitc lhj> 



was cmled out as described (12). The genealogy of the varj, 
oas nybndomas is ^'vcn in Pig, 1, 

Isolation of Snhcloncjiriih Ig Chain Loss. Soft agar cloning 
and aniiacrum overlay wa.^ carried a'ut uctiording to the 
method of Coffino and Schorff (1). When an antiserum 
against IgG2b (yZb.x? was used, about m ofihc cells formed 
colonrcs Without precipiiaiion. These dlones were [solated, 
and their Ig expression was analyzed by immunofluores- 
cence. Clones of interest were ijrown in mass culture and 
further analyzed by Immunoprccipitation and elBctnjchore- 
sis. 

NaDodSOVl'olyacryruftiidc Electroplijorcsis. Cell labeling, 
immunoprccipiiation. and NaDodSOj/potyacrylamide gci 
electrophoresis were carried out IS dcstfibcd (12). Puise 
beling (30 minj was carried out by the afddition of ["SJmeth. 
ion/ne lo cells that had been incubatejl in methionine-frcc 
scldci medium/109^ diidyzcd fetal calf;scrum for I hr The 
afnouni or[''^S)methtonine Incorporaied into the precipitated 
proteins svas measured af[ergcl fractionation by scintillacion 
assay of the solubilizcd eel sli 

Isoftlcclric Focusing. pSlMethioninc-labelcd Ig precipi- 
tates were dissolved in 9.5 M urea/2?S Nunidcc P-U0/29& 
Amphuline (pH 2-mercapiocihanol and applied :o 

isGcIcccrafycusing slab gels. The gel yompoaition waa ac- 
cording to O'Farred (13). Eluctrophorcsis was carried out for 
-1 hr at 250 V, for 12 hr at m V. and Hnally for 1 hr at SOO V. 
The proteins were visualized by fluorojr^phy. 

ImmunAnuorcscence. The purificaticfn and fluorochromc 
conjugation of goat antibodies sp«ei/it: for mou.« H chain 
liotypts and the methods for immunof)<JoresCcncQ detection 
of intnvccllular Ig have been described '(1^1). 

RESUll'S 

The Rale of Ip H Chain Synthesis and Ihc Steady-State Lerel 
of ihe ii Chain In Plasma Cell- and In Prjc^B Cell-Derived Hy* 
bi^idomaii Are of the Sjme Order of Magnitude. The prc'B cell 
is characterized by the synthesis of intracellular H chain in 
the absence of ihc L chain. The free H chain \t toxic in plas- 
ma cells, but prc-B cells may survive because they synthe- 
size (he H chain in small amounts (1^- 16) thai would noi 
damoge the cell. To icst ihis hypothesis, wc increased (he 
amount of free H chain present in pre-B cells by fusion ro a 
myeloma. The steady-state level of R^iA Specific for chc H 
chain is the same in prc-fi-celi hybridomas and in plasma cell 
hybridomji't (16). 

By measuring the short *tcrm incorponation of radiolabeled 
methionine into the H chain (Fig. 2). we have compared chc 
rale of Ig H chain synthesis in prc-B <ell*dcrivcd hybrid- 
omas wUn dial of plairma ccll'denveid hyuriaomas. The 
amouni of rndioactiviiy incorporated into the ^aricus H 
chnin5 whj of the same order of magniiuide. Afso. che steady- 
state level of the H chain, as dcicrminod by long-ctj-m labei- 

.■\bbrevationi: H chain apj L Cham. Iiwvy and ligni chain, respcc- 
uvcly, eif l(j; BiP. H chain biiidiua protmii. 
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ing (Fig, 3} and by immunofluorescence intensity (data not 
shown), was not diffcrcnc. This Joes nai fofrtidliy txclude 
that prc'B ceils survivt the expression or free H chain be- 
tuusc of a tow rate orsynthesis, tiui there would still remain 
ttle question of why ihc H chj^in ix not toxic for pre-B-oed- 
derivcd hybridoruas as ic Is for pfasma celJ^dcKveO hyhrid- 
omas. 

A Given H Cham Is Toxic in Plasma Ceils but Not in Pre-fl 
Cciis, Because pre-B-c«ll-dcfived hybridomas can survive 
high levels of Lh= H Chain, we wanted to know whether they 
arc able co survive the e:^pression of a H chain, the toxicity 
of which has been demanstrated in plaima cells. I'or that 
purpose, wc fused a plasma cell hybridoma co a prc-B-cetl 



hybridonia that had lose its own H chain expression. 

The Sp2 cell liri« is derived from fusion o( a pUsma cell 
w\\h a myeloma (Fig. I). Ii synchesizcis both H and L chain 
and exhibits the H chain toxicity phcrromenon 0). We con- 
firmed this by recovering Ig chaicj-loss- variants uccordlrj co 
ihc method of Coffino and Scharff (1)1 Of 74 subclones, 59 
expressed no H chain, one c;?prdssecl no L chain (that' is, 
expressed H chain only), and 4 did nop express any Ig chain 
at all fTabtc L). We then fused the SpZ cell line to a pre-B- 
cell-derlvtd hybridoma, H62. that hadjlosi rhc expression of 
its own Ig chain (Ftg. H The resulting Hybrid cell line NORA 
A accreted H and L chain from the Sp(2 parent line (Figs. 3 
and 4). The NORA cell tine tolerates the H chain in the ab- 




hybnd- 
mmuncflu* 
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FiC. 3. NaDodSOj/polyacrylamidc fifil dcctraphoftiit aaalyiij 
af the Iifi of van'ous hybridcmai ?ynibcstiin8bath H sud L chain or 
iynthesiiirs (he H chdn only. So2 ftait«s u] antl nURa 4 fiftnes c) 
sccrcic bcih H and L chain: SPSP t. 55 (lanes b). MORA <l.2 (bnet/) 
NOILA 4.16 (lane cK NORA -i.S.^O (l&nc n. and the prc-a<ell hy- 
fandGfna H 61 (bnc synthesize Lhe H di:un wiihoul ihe L t^hain but 
do fVOl iccrcte ti. 



FfV^. tVufL .atf. Sci. 3t f/W) 7187 




Fio. 4. Isocleciric focujing annlysis of tmrocdJijIar tg of v^rioiis 
h/bnaamaa ftynihcsi^ing bOlh H and L Chain or Synlhciizine H 
chain only. Lanw: a. prc-O-cell hybfitloma H 61 {ylby b Sp^ 
(ylb.xi: c. SPSP 1,55 {yiny. d. NORA d (r^b^^cJr d. NORA 4.2 (W 
f, NORA 4,16 (ylh); fi. NORA 4.8.20 Cy2b). The yJb chain of H 61 
has 1 vtiriabit rcgiDH d; f ftf cnl fram the ofUS of Lha Sp2 cells and ihcir 
hybfidofnas. 



3cnce of the L chain. Ten out of 55 subclones of NORA 4 
with Ig chain loss synihesized Ig H chain Nyithgut the L 
chain. 42 iynihcsiwtl the I. chain only, and 3 did not synthe- 
size any Ij chain at all (Table 1|. A subclone of NORA 4, 
NORA 4.8. that synthesizes both H and L chain, showed rhe 
sam;: chain loss distrrbuiion CTable i). [n no instance wis ihc 
H ch^n ^ecrcLcd. As a control (o account for the increased 
chromosomfi numbers of iht NORA 4 hybrid as compared 
with Sp2. Nve fu^ed the Sp2 celt line to a nonpt'oducing sub- 
clone. Sp2.0, generating SPSP hybndomai (Fig. I). From 
these hybridomas. subclones synthesizing free H chain 
should be rare, Indcfcd. of 125 subclones wiitt chain loss, 
wfi rtco^ercd only 1 subclone expressing free H chain (Table 
X). Of these subclone?. 122 hiid lojt the H chain and two had 
lost both Ig chains- Comparison of the H chain of hybrid- 
omas synthesizing both H d/id L chain or the H chain alone 
revealed no difference in siZc (fig. 3) nOr in isoelectric fo- 
cusing behavior (Fis, 4). Since in this ease, the H chain ia 
one thai is known Lo be coxic. v^^c conclude that in pre-0 cells 
there is a mechanism ncutralizinE tfie toxic efTect of free H 
chains. 

DISCUSSION 

Why arc free Ig H chains toxic in plasma cctis but ;toc in pre 
B cells? From ilic plasm^cycom.'x MOPC 2L. a vuriant could 
be recovered that synthesizes only the H chain. The ftiutam 
H chain of this variant lacks the last 67 carboxyt-lcrininal 
amino iicid^ and forms polymers of at least 20 H chains f9). 
This polymerization is probably due to free sulfhydryl (SK) 
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BTOtjps ori lhe H chain thai would normally form the t-H 
bridge T^ie normal H chain probably could also polymerize 
in Lhe absences of L chains but \vQix\t) form inuch larger insol- 
uble complexes that would damage thccelJ. Polymerization 
of L chHin.ii cannot occur because no additional free SM 
groups arc available otict the L chain hus formed a dimer. It 
is of interest thai H chains are predominantly Tound as 
tnonomcrs or dimcrs in pre-B celts (Uj, as well as in the H 
cliaiii-synthesiiins subclones of ihe NORA 4 hybrid line 
(dati no: shownj. Thus, oeutmliration of the toxic effect of 
t2ic free H chain may be achieved by ihe preveiuion of H 
chain polymerizacion — for example, by an enzyme that al- 
ters the reactive SH groups of the Ig H choin. Since wc did 
not fmd any difference in chc isoelectrk focusing pattern of 
the iniraceHularH chains of Sp2. NORA 4, and of chose jub- 
clones synthesizing no L chain (Fig, 4)-. one c^ur postulate a 
proceln thai eiiher rapidly degrades accumulatinK frco H 
chain or proicctj the reactive SH jjroups without chemical 
modification. Wc have already described a protein (heavy 
chaJfl-hinding protein, B\V) thai binds to Ig H chain* not as- 
sociated with the L chain (llj. In all NOKA subclones that 
have lost the L chain (some oi' them urcishown in Fig. 3), the 
H chain is associated with the BiP. If the BiP is neutralizing 
H chain toxicity it should be- less active in plasma celts than 
in pre-B cells. 

Whatever ihe mechanism for neutralization of H chain 
tonicity, our rciuUs demand an explanaiion of why H chain 
synthesis prdceaes L chain synthesis in B-cel] onco£ct\y (lO). 

w« ihank Dfs. 1. Johnson (Munich) and C, SUiinbcrg tflas«/) for 
discu.ijioiiJT. 
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GENE TRANS^R OF '^"LOBBJ^LI^^^ CHAIN RESTORES KEAVy 

CHAIN SECRETION^ ^/i.vx 



Several lines of evidence suggest that litmiuiio- 
globaJin (Ig) hght (L) chain plays a roZe in the secre- 
tion of heavy (H) ciialn. For example, myeloma var- 
lane lines, whlcH synthesize the Ig H chain hut not 
the I chain, fail to secrete H chain protein. Here we 
have tested directly the role of chain assembly in 
the control of Ig secretion by the transfer of func- 
tional L chain f encs into two auch L chains efcctive 
myeloma mutants, A X2 or <c L chain gene was intro- 
duced into variant lines of the mouse mydomag 
MOPC 315 OgA, X2) or PC7 0^, jc). respcctivftly 
Although the two mutant lines are unable to secrete 
the H chain they produce, rescue of secretion of 
complete Ig protein molecules (IgA or IgM) was ob- 
served after cransfcction. These results imply that 
the secretory apparatus of these cells L9 intact and 
that the failure to secrete Irce H chain reflects a 
structural feature intrinsic to that protein. The im- 
plications C7f these results with respect to control of 
secretion of multi-subunit proteins arc discussed. 

The Immuiioglobtilla (Ig) heavy (H) and light (L) chaios 
are assembled and processed Intraccllularly and then 
$ccrcted together as a macurc. functional protein (1). A 
aormal L chain can usually be secreted in the absence of 
H chain. For example. Bcnce- Jones protclxis are derived 
frozn human myelomas chat secrete free L chain (2), 
whereas in the mouse systccn. there exist mutant mye- 
loma and h/bndoma c«U lm«s chat da not produce H 
chain buc continue to secrete L chain (3), The situation 
for the normal H chain is different from ?hat of the L 
<ibaln. Mutant cell lines have been described that synthe- 
size a full length H chain but no L chain (3. 4). These H 
chains arc not aecreced. Construction of hybrid lines 
between H chain and L. chain variant lines results In H 
chain secretion in the form of asscmbiea Ig Enoiecuies [5. 
6)- Although these results suggest that the nonnal full- 
length H Cham can be secreted only when assembled 
with the L chain, ocher explanations are possible. For 
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"ample, the L chaln-nonproduclag ccU Ibtes mlghl have 
undergone a second, unrelated mutation th« riS 
Ihclr capacity to .ccrcte Tg. show h.r^that thS 
hypothMls la correct. In that for two csU Uqcs that n™- 
ducc H chalfl only, the transferor a f^mci^Z^ClZ 
gctle restores H chain secretion. ^ 



MATERIALS AKD .VlET«0og 

MOPC 312 ceil growth zoruiltlans cLnd. measurement of to r^r,^ 
peptide syncnesi^ and s^ati^n, MOPC 3lS cdll S^^S^ 
m J^tajci«l by aerial parage In DulbeccQ'. (Ti^McSSi^ 
pWE) supplemented ^th IB% Ut^iz^^nun. l^t^L^S 
100 og/mj streptomycin. lOO piM aoncwenual aitiir^i acS 4^ 
glutamlne. and 40 mM glucoM. ^ 

To Bs^jaa intrac^Uiilar Ig t afl^ H cKcUn aynchcaib. culUir=3 were 
pulse lalxled fgr 20 min with a mUture of 5IX radfolabSS l^in^ 

tunc. i'HItyiusinc, amd 20 ;.Ci/mi of [^|mcthlomiL W«h^ «^ 

we^c r«u*pcnd«l trt SO mM Tri^-HCl. SO mM NacHnd were 
by the addiuon of Triton X- 1 00 and aAdnun dctxcy^hbtacc to 1 « 
concentfallon «eh. dtacnbcd (6), ATUt T*inc%^ of nucJct bv 
ccficrifugatlon «c 2000 rpm for 10 mCn. aamp]« of )ceU cytupJaaosi 
lyMtca «4rere removed fdrdctcnrlnaUon of trtchlarQiiccUc AdilaiibU 
Ubk radJoacavtty. Equai aJIquoL* of cell |y»iea wcrt Imaiunoprcdp- 
itated wltfi rabbit ^rttl-mouse 1^ protein and a goUfe anti-rabbit Itf 
anUsAT* [Miles Ytdaj. ^rcipltatcs were dissolved LnlSO mW Trta, pH 
6.8. 2% SDS. where noted proteina wm reduced *H)h mercapteith- 
wiol (0,5 %]. Samples were iuiajytcd by SD©^P AGE ai described (g Li 
1395) (7j. ^ 

To aaacod aecreaon of Ig pj*0Cc(n. culLurft* were la^ed for & 4-h/ 
pcrtOd witn the \mlno add mixture dc»cftbed above.; and a^iplca of 
the media immunoprcciplLnlcd and antiiyzed by SDS^ AGE a* above 
PC7-<ieri\jed c€il tines oaA /neofiuremeru ^/Ig p6lypefitltle jun- 
tha^U and aeer«(IdiV The ceil line PC7 accrctca EgM specific for the 
hapten phoesphorytcholinc (Pq* (4J. From Lh|a cdl line, wc isolated 
tha mutant 574; which Ia^m the gene for JPC-apcclfJc L chain (M, 
BaXer. pcfsooal communication]. Mutanc 574 produi^ea. but do^ not 
secrete, aji apparently normal n chain. Tflo rauUj^i ccU Une 400 
lacks Che ji gene of tbc PC7 parcnc line [unpubitihoi rc9ulC3); it 
continues ta synchcsttc the 4 L chain. 

PC7 ccXte were incubaLed in l^^qieucine to label t^)tncciluia^ and 
accrctca tg. The ^ and < chains were precipitated byircacUxag <vlth a 
mixture of nibble aau-ji and anti*x xr9, (Daymar L^tspTatnnea). Noa* 
rcducrd jranipJcs were resolved on ^% poiyacrylamfdelgds containing 
O.l M Tn^-blclne pK QA% SOS. and 0,7% //.^'^Hallyitartor- 
diaoiidc a^ described (8). Free aa4 c chains* obtained after reduc- 
tion, were analysed with Uic £ci jystCOl de^bed &M Laem/nix (dy. 

Consimctiofi of vectors b^artng \2 an^ t L cha^T ger^- The 6.6- 
Hb SCO ^ gencrmlc fj^tnent containing the \2 MOfc 315 L chain 
£enc (10) vraj Lnaertcd Into Che Eco EU 3ltc of the pSV2-gpt' vector 
containing the SV40 crhajicer \\\), as ^houoi In figure la. Thd 
rc9ultln^ vector. pCpt*)i2. kindly provided by H. Munildo (Univcnlty 
of Toranco). wad trmafceted Inte call jtt^n HBI ul . 

The 7^'Kb 5L07 fr^^ent (12), etieoding the ^Pc L chain, waa 
tnacrCcd Into the Bam H[ site of Che pta^mlci pSV^-neo (13). The 
rccocnbmant pla^mid. pNe^<Pc concainCng the tnscrt in the ortcata- 
tlon shown In figure lb, was tranafecled into £. coli strain KS03. 
Protopt^t/uJtOA. .Tuglon of bactertaj protopiaata wtth myeJoma 

' AbbrcvtaUood t»cd lr> 'JlU paper; PC. phoophorylchallne; HaT, hy- 
pos rnhJne-aAlnaptertn-thymiditie: gpt. guanine pheaj^ntxayl trana- 
Tenutc. 
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ceils was performed 4J desoibcd (14. IS). A sulpeturAA oT baCCcrlaJ 
celii cnnsfonned with plaroiicL whJch had ticcD amptlHcx] aver' 
night in Ihe prucncc cf cKJaramphfinicol. w?»s centrtfuged qC 3000 
rpm Tor 3o mm, vra^hed ancc wlLh 0.d?( HaCl. and resuspcndcd fn 
0.05 M Trt«. pH a. t^n% sucrwe at a final CQAcenmiiaa af 1 x lo'* 
ctlla/mJ. To I mJ of bacC«rl^ juapciulod, 0.2 (til {yxcfoa (1 
in aas M Trts. pH 8-0) vtAA aCOetj, and me iBlxiufc waa lacuDaicd 
for S mJn on Icc. After nubicquenC addlClon of 0.4 ml of 0.25 M 
EDTA. pK 9.0, the mixture wifl a^in tncubatcd for 5 mirt on icc. 
l!icn dllutisd «/lttl 0.4 ml 0,05 M Trti, pK 8.0. and rncuhaicclat 37'C 
for 30 mm vilh occosionnl mi^ng. The iUApeiulan wa^ diluted with 
10 ml of ne^um containing iO% tMCtOAe and 0.0125 M M^I^: O.l 
ml of 1 m^mJ DNaA« v^ti added, and the muture lacuhatcd at 
room tcmpcniturc for 15 enln. The proloptesta (1 x lo* ctils] wtre 
petlclcd, supernatant waj removed, and JO^ myeloma Cells were 
Uy<red on tnp by ceninAjgatlon. The protopUun &Ad ccu mixture 
vrafl gently rcsuapendttl iQ I ttU P£G fuslOn feufTcr I0.fl5 PEG 
lOOO. 1 ml DMZ. 0.2 ml dlmeihy I sulfoxide}. A/lcra L5-sec expoaure. 
:hc OcQ 9oap<nJJcn wu diluted v^llh DMEM vithouc scrum, and eeUd 
vxrc pcileccd by ccntri/ugaUoa. rc9u4pcAdfcd In m^um. and dJs- 
Cnbuttfd In microacer welb. for Che t^^aafcr of the X2 ^cno. cclb 
were placed o/tct 0 dnya in HAT {hypomnhine-BirUnoptcrln-thy- 
mJUlfic^ selective medium and than cloned in sofc agar For the 
transfer of the jpc ^Jcne. cclto T^rcre plated at Iff* and 1# cdla/ml in 
mulUM^dl dlahcd; after 2 days of tncubaUon. the medium was sup- 
plemented wtth I mf/ml of the antibiotic C4l 6 [13^ 

«SUt.TS 

Synthesis and secretion of !gA protein by MOPCZiS 
oariarix after \2 L chain gene transfer. tV-l was 
originally IfiOiaCcd a noasccrctlng variant of the mou:9« 
myeloma MOPC 313 fIgA. X2) tumor (16). It waa adapted 
ia growth In Cl£Sue cuUure and was subsequently dem- 
onstrated to have lost Che abiUty to synthesize the X2 L 
chain (6), LV-1 synthesizes an altered a H chain, approx- 
• Imately 3000 daltons amaJler than the wiJd-typc chain. 
ThLs altered H chain 15 not secreted, but Instead Is de- 
graded intracellularly with a half-life of approximately 
30 mln (6}. To TsiClIltate Isolation of transfoctant colonies 
of LV-1 cells, a chain gene cloned in the vector 
pSV2-gpt and an LV-1 dertvauve defective in hypoxan- 
thlnc ph03phoril>03yi transferase (KPRT] activity were 
employed (Fig. la)- The pSV2-gpc vector bears the bac- 
terial gene for guanine phosphorlbosyl transferase (gpt) 
and confers on HPRV cells the capacity to grow in HAT- 
containing tncdlum (l l). The cloned dna was cranaferred 
by protoplast fusion CO the LV-1 dcrtvaUve line dcfctiUve 
in HPRT activity, as descrllwd In Materials and Methods. 
Five HAT-rcsIstant transformanta were Isolated and rC' 
cloned for study. The Individual Uncs ttrcre tested for X2 
L chain synthesis, and the levels were compared with the 
parental LV'l line, as negative control, and with a hybrid" 
Une, derived by fusion of LV-l with V-1, a X5 L 
chain-producing variant of MOPC 31 S. described previ- 
ously (17), The results arc displayed in Fig. 2A, The 
profUe seen wUh HL-2 represents approximately wild- 
type amounts of X2 and « chAjn synthesis for the MOPC 
315 (nydoma line. (The addJUonal bands of immunopr^- 
cipicated maCcrlai ars che translation produces of aber* 
rant a H chain RNA species transcribed from the ex- 
cluded a H chain constant region aUeie.) {17.1 a)-The level 
of X2 chain production by Che transformants v^cd. but 
waa always much lower than wUd-cype cclJa. (Values 
between 10- and 50-fold lower were obtained, data not 
shown.) The pattcro from the transformant that pro- 
duces the highest level of \2 chain TLH-29 la shown In 
Figure As expected, no synthesis of L chain was 
detectable with iv-i. as observed previously (6). 

Thc ability of :hc TLH-29-transfcctcd cell Une to st- 




J. C^nofTUcUon of vccc^in bearing and 4 L chain gcnc9- O- 
The S S-Xb doncri MOPC 31S L chain gene ll6\ loKited Into the Ceo 
Rl lite of lh« pSV7-2P( vector. 3. TTve 7'kb 5107 rr^SKoe (12). cncOdlo^ 
for Ois «Fc L chain. w«4 lAMrte4 inlo Che dam HI site of the pbalQja 

psvz-nco. 



Crete Ig was anaiyzcd (Fig. 23). Botn^ chain aad \2 chain 
are secreted by TLH-29. whereas tio secreted Ig is ot>- 
served in the media of Che parentsd line LV-l, as t^en^ 
tloncd above and reported previously (6). The level of 
secreted IgA by TLH-29 Is slgnlflcanUy lower than that 
frtjoi HL-2 and Is commensurate with the lower level of 
X2 chain produced inCr^iccUuJarly bit the transfccted Und. 
The band visible above the A2 chain Ui che TLH-23 end 
HL-2 lanes has been identified as the J chain by specific 
Immunoprcclpllatlon (7). This protein la ttivotved in the 
fortnatlon of multlmcrlc forms of TgA protein (19) and ts 
only secreted attached to a chain (20. 21). The ath<^ 
trawfcctcd lines aJbso sccreced igfi. protein, ^^^'^g 
agalii the levels were lower comincnsuxatc ^th ^ 
amount of X2 chain production (datA not showo|. 

^Vtthough the X2 chain of IgA ia ndt disulfide bonded ^ 
the H chain and tnigrates scpaiatejjy in an SDS gel ay^ 
Ccm, the formation of H chain multlitiej*s contaJnl^^g 
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P\g\Mr92, Rescue of tg K CtUin «ccr^n nTtcr Cr&naTer of Xfl 
Bagtcrli*! ^UplAaCa of dlx^rt HBlOl bcanog Lhe ptoaoild pCpt*\2 (Pl^. 
la| WTTT Tuacd vlLn LV>i. After 3 cells cxprraalng the gpc geac 

vciM delected in HAT medium and clcned in soft A. AaotyttB 
IntncdJulAr I* «id K chAlo aynthuJa. CulLurea ven pu/^ .l4t&dod far 
30 ruin with ^ nuxturc afjii ndloUbclcd amino acldv 30 ^Cl/mi of 
kudnc. f Mpyslne. i^fprjUne. I'HiphcnyUilantTiE. axid f Klt/nMim: and 
30 of l^meOilonlnc. Cell Jy»tCT wer* Unmurtoprcdpttatcd with 

rtthii «ntl-ttAu9tf pmvirt And a £oat onU-nbblt anUKra. PrecipU 
Utca verc dlMotv«d in 50 TVI^. pH SOS, pr«UlM Vcn rcduci:d 

with m«rcapceethanol (D.SR], and equal amplca were anaiyced tiy SD& 
PACE (S to 13%}. Aitaty^to oT mretcd proCdna. CulLira 
(nMba(etf fn thcpreurvec Of Ctac r^dhilabcled amlns acid mixture for a 4' 
hr peHod: fr^UOns af Che Biedl,> vck JtrkmUAoprt^irlpttAted ^luUrzed 
by 506-PaCE above. 



SECRETED 



HH2)2 
-H2 



-L2 



Figure X SLrudLurcofscCfcCed C^molecutca^lef U^zlafn-orxs (CRC. 
Seowed IjA prolan wm radloUbdcd ipd tmmunftpfcelpltalfid dc- 
tenbed In Figure 2. ProdplUies were dissolved In SO aiM Tris. pH 8.8. 
2^ 30S, and saraplu were ^MSyzat by SdS»PaC£ (a to lZ%] wmiouc 
reducUon. 

than two M chain molecuics Ls diagnostic of assembled 
IgA (21). The mobility of che secreted Ig protein under 
coodltlooa where disulfide boa<ls were hoc reduced Indi- 
cated the fonnaLion of dJmers and cctramers of H chaJn. 
consistent wtth normal multimerlc IgA rormacion (Fig. 3], 
Thus, although suggesuve. SDS-PAOS cannot be used Co 
prove the fonnation of complece maJtlmcrlc IgA forms 
«vcn though, aa seen below, pcntamertc IgM Id secreted 
from u chain transfonnanu. 

The kinetics of Ig protein secretion from TLH-29 verc 
measured by pulsc" chase analysis. The Ume courae of 
appearance of IgA into the mcdfum is shown in Figure 4. 




240 



TIME (mlnut«4} 
Ff jurtf 4. KJnctlca of H cbam KcrcUon f raffijLV. l af CnziAfcr of Ole 
X2 L chain gene. Culturca of TUH-lg wcf e pu|se [ibded for 20 min aa 
above, ihen washed and resuapended in freahJwHnn mcdlutu. After 
ifltlitttted wmea of chaae. a4;nplc3 were rctudVed and the tncdJa 
analysed for ftccrclcd a cha*f%*, Indicated id flgujc 2_ The autoradl- 
a^r^xsM were quanUUwed by seartrttng densJtohicbry and in/*^tifin of 
pcakireaj. 



By extrapolation, secretion of newly synthesized IgA oc- 
curs after approximately 30 to 40 ihin. Similar vaJues 
hAve been obtained for wJId-type MDPC 315 ceOs [72], 
Thus, the time for secretion of IgA ih the transfortnant 
TLrt-29 line IS approximately norrn^l, Furthemrore, ex- 
amination of the profiles of labeled Iritraccllular proteins 
Indicates that expression of \2 Ughtjchaln la LV-1 cdls 
refialts In stabilization of the H ch^lh protein from deg- 
radation. The altered H chain polypeptide synthesized In 
LV-1 cells normally turns, over with d half'Dfc of approx- 
imately 30 mln (€J, and thus cannot be detected after the 
240-mln chase period (Fig. S]. tn conijrast, the kinetics of 
clearance of tntracellular IgA from are similar to 

those observed with wild-type MOPC 3 \ 5 cells (6, 22] and 
with the hybrid HL-2 Une (Fig. S], Tlkua. slnblUzaUon of 
the H chain from the normally rapid turnover observed 
In LV-i cells occurs after expression lof the Introduced L 
chain gene. 

Rescue of IgM secretion after t L cjiatn gene tranter. 
The hybrtdoma cell Une PC? produces IgM(jr), which I3 
specific for the hapten PC. Using a suicide selection 
method (4), we obtained a mutanc. 574. which produces 
a /J H chain that It does not secrete. From the results of 
Gearhait et ai. (2:3). the PC7 cell line isiexpccted to express 
Che same germ-line PC-spectftc variable genes as arc 
expressed tn the myeloma SI 07. Actrordingly, the * gene 
cloned from SI 07 [fig. ib) (12) was Oransf erred into the 
muuuit 574 ceil Une. This vector cajfrles the neo resist- 
ance gene, allowing for selecuon with the anubloCc G419 
(12)- 

Twency C4 IB- resistant colonies were inJUaUy 
screened, of which 13 [S5%] were poeicive far PC hemol- 
ysis (performed as described Ln Tabid I). The PC-specific 
lysis activity in the culture medium of these cransforni' 
ants ranged from nil up to tne normallleveL Of these, two 
were chosen (TS74/*pc-2 and T374/jipc'l0), which 
showed approximaccly normal activity, emd one (T374/ 
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irfTRACELL 

freducedj 
LV-1 TLH-29 HL2 




-A2 



5t3U/t 5. Putoc-ehaie Adalyala of Inlmicnwiar [gA pretnln within LV- 
I a/Ccf Inuiafcr of (he A2 L cfuin ^cnc CuJIujcj orTLH*29 were puUc 
fcibclcd for 20 mln ao above, vaahed. aad i-aujpcndcii In fftjh- wni 
mcdJuoi. SamplM. fcmoifcd zi Che Indicated Umca. wtfi: imiyxed by 
lramunO0recJpi:aUflt» Wtf 50S-PACE. m dcwibcd in Figure 2. fop l 
H cKoJna. CuJtiiir« ©f LV-l and Uh: bybrtd tine HL-I wcr« Jtmllartv 
treated: reauJb for chc 20- and 240-rtiin Uma pguiLa arc aftown ror 

TAeL£ I 



HoholTBla TTl«r 



PC upcn/tc 



Wild type [PC7} 
Mutant IS74) 
MuCSAt (400) 
Tnnsrormanu 

T574 UP«-10) 
TS74 (/pc'll) 



3* 
0 
0 

3' 

0 



3' 
0 
0 

3^ 
0 



Cuiiure jupcrTmt*nLi were pfepm-ol by ^;rwln^ IC* wablc cella/ml 
rcr 24 hf 37'C. S%4p*:m4tonta gf the cutcuTO were threefold scrtijjy 
allincd. undlluLed 4upemacani being the me«i conc^ntnted ftufcAn^L 
Hem^y4b tit^r wm scored aa the dUuaon ac whi^h » oiunpie £vu»cd 
n«nfllyal« (4). IJM csncencnclon me^tfurcd by the cawcitv of the 
CuKure *upcraaiarit to lyse procdn A-coupled red CcHa m the prcJcncc of 
anO-^ «rMni C4. 24J Oi-apeciOc hemolyald Utcr). PC-apccincliaiioNila viraa 
»a»y^d dlfeCEly oi\ red celb coupJed wtui PC-ON3 cater 

*pc-l 1] with AO activity (Tabic I). It ahoula be noted that 
the precision of the hemolysin assay (a abouc 1 dllotlan 
step (thrctrfold). 

The analysis of Intracelluliir prcparutJons (Fig. 6A] in- 
(iicacca that the parental and transfonnant cell Uncs 
synilicsize H chain. A3 expected, the transformants 
pc5iUv« for PC-apcclflc hemDiysia ayutheslze the L chain: 
conversely, the trans/ortnant that waa negative for PC- 
specific hemolysis showed no detectable incraccOluJar ,e L 
Chain. The level of * chain producUan Is cousin tan t with 
the hemolysis values *Jtbin the accuracy of the a^y. 
For comparison, results have been Included for the PC7 
mutant cell line 400. which lacks chc ;i gene but contin- 
ues to synthesize chc * L chain ac a very low leveL Se- 
* creced IgM o anaJyied In Figure S3: the tranafonnants 
that maXc r chain also secrete m H chain. The mobmcy of 
the material where dUuIfide bonds fl^^ere not reduced 
indicates that the IgM b accreted in the pcntamcrlc form 



^I^!" T °^ myeloma and hybrtdoma mutarta 

maicmg only H chaJn has suggested that high^cvcl Dr^ 
duction of normal H chain In the absence of L S 
nughCQftcn be toxic (25). Our results Ito dace s^ggesS 
the ^ H chain of mutant 574 I3 normal. M ahown^rn 
ngure 6. It IS Of normal sl2e and can U IncorpcS^t^uiS 
pentamenc feM, To a^css It. PC binding iTd comS? 
ment activity capacity more quanUtativdy%c meaSSS 
lt3 hemolytic titer on PC-coupled red.ccJls. The IgMcS^ 
centraUon wa^s measured by tlcering itts capacity to induct.' 
lyslfl of protein A-coupled red ccJb iln the pr Jen^ 0 

IgM made by I chain tranflfor^nants-af mutant 57* 
noanal acQvicy. Wc are tlierefcre unable to detect a^ 
function^ (Table I) or any structuxal difference 
between these IgM molecules and corftcludc that Oic ai" 
tant 574 makes a normal ^ H chain. 

DI«CU3S(0^ 

Assembly playa an important role In the secrcdonof i? 
protein. Here we have demonstrated that the Introduction • 
of an approprtatc X or - L chain gen, rwtores 5ccr«iion 
of « or u H chain as a^embled l^A. or IgM molecaic^ 
These results directly demonacrate that L chain pnxltjc- 
tlon Is normally required for a cell to secrete H chain 
This result explains the rescue of H .chain secretion by 
^^^r"'^^ chaln.produclng cells after hybrid forraaUon 
with L chain-producing ceJis. as wc|I as the failure of 
investigators from sevcrnl laborator^ca to isolate mye- 
loma variants capable of secreting frfee ciormal H chain 
(5. 6. 25), This conclusion is also c{)nslsteQt with the 
Qbficrvatlon of VaiJc et a2. [26) that ;g H chain dlmera 
accumulate in oocytes mlcrolnjected with myeloma H 
chain mWJA and arc not secreted unfcss I chain mRNA 
13 also injected. The finding that the ^elective Inhibition 
of A2 production in MOPC 315 by Idlotype-spcciflc T 
suppressor cells does not result m thes sccnytlon of free a 
chain C27) is also in agreement with oiiir conclusion. 

Genetic approaches have also impUdated control at the 
level of assembly for secretion of J ichaln, the Joloing 
protein necessary for mulbniertc Ig protein formation, 
MOPC 315 mutants, which have lose/the ability to syn- 
thesize w H chain, fall to secrete J <jhaln protein (20). 
Only L chmna can, in general, be sccrdtcd In the abscacc 
Of H chains |2. 3, 6. 25). Some onuauaJ L chains, the PC- ■ 
specific chain {28) (Fig. 4) and the x chain of myeloma 
tumor MOPC 21 (5), are secreted only when paired with 
aHchain. Thclrfallure to be secreted presumably reflects 
some molecular feature of the variable region, a hypoth- 
esis consistent with the observation of Wu ct aL (10)» that 
the substitution In position 1 5 from gly to arg Cn the A:2 L 
chain of MOPC 3l5 blocks Its secsretic^n. It Js intEres^mg 
that the PC-Specific ^ and chains c^n be secreted tt>- 
gcthcr as tgM. whereas 0 either of theste ig chains can be 
accreted aJone without the other. 

The expression of the Introduced JU L chain gene 
very low, even chough many copies ps^JOO) of the clored 
O^^A were detected m Che LV-1 transfectants by Southc^i 
blot analysis (data not shown). This expression was prob- 
ably driven by the SV40 enhiincer. present on ttie pSV2- 
gpt vector, as was ahown previously fbr transfecUon 0^ 
the XI L chain gene (29). Alternatively, integration into a 
"transcriptionally open" site m the chiomatJn may bav« 
played a roic. The Inability of researchers to find a ^ ^ 
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C, Secreted 



• bed 




« b c ft f 



■ b c i| • r 9 





(nCDUCED) 



(MON-fll^DUCeO) 



Hgur^B. An^^Xo^flgB'^'^'^^^^^^^^^^^^S^''^*' P^^^^P^^^^ciPl^ wm introduced i mo tlui ftartwiuniKMa bjkI protoolMla 
f UMd Mlh th« mulAtH S74 (nyeloma cells. CalOrtlea (t/MufonBaiiCal resUunt to I eag/ml 04 1 a wenr wicctcd an<l tt&Anzd UmZtl^ duut^n 
CdW wen: lftcul»tcd tn (^^Ctlcwinc, ^ described (4). tA MCk;! mtmccUutar «id Accreted Ig, The and * chai^a were predpltaLrt by reaeUnff »iS a 
mJrtOrt of rabbit *nU.*. and auil-f sera. Lanca: a] wlltWypc PC?: 6| mulftiit S74: zj rauUrtt 400: cQ trawformanl TS74Ap^Z; e) tranjfonnwJt T574/ 
rpc-IOi 0 tranarortnAjil TS74Ape-i I . A. 4/iftly3i5 of Inlncdlula/ rnAUrial aftef nrfuctlon of disulfide bcnda. fl. Analyaldof xalretcd tHAtErtal aftZ 
rcdvflllon of dlwOfliie boAdi. C. AnaJyal* of lecretcd autertil wlthowl reduction or aLmiride boAila. tn lanc g. che mutant 21i vwdi mafcca monamcite 
IjM t-^J. Included for coftifuulaon. ^ 



chain €nhanc^ ts certainly puzzling. Clearly In our ex- 
periments, the endogenous gene wa5 expressed at a sig- 
nificantly tilgner rate than the InCrcduccti cloned version. 
Because the clone encompassed 6.S kb of the 

MOPC 315 \2 L chain gene, this result suggests cither 
that the regulatory se^aencea are more distant or that 
clie endogenous gene tias a dJlferent confonnaucn, one 
that 13 bccier able to interact with cellular factors re- 
quired for optimal X L chain gene tranacrtpUon. 

Thus in a normal situation, free H chain polypeptide is 
not Ln on appro pt late fonn to be secreted. This may be 
due simply to structural differences tjetwccn a free H 
chain compared with a H chain assembled in an Ig mol- 
ecule. Thorens et al. (30) have abown that free m chains 
arc directed via the cts golgl to lysosomes where they are 
degraded, whereas >i'L chain pairs migrate via the trans 
golgl to the cell surface. In some myeloma variants the H 
chain Is degraded intracellLilarly (6): in other eases ic 
remains within the cell (3), The results of the experiments 
presented here indicate that assembly of the H chain 
with a L chAin la fiu/fielent to resiore secretion of those 
polypeptides In a complete Ig protein. The Importance of 
assembty in control of secretion has also been demon- 
strated for collagen (31). ^^-microglobulin (321, and the T 
cell receptor (33). Thus, the assembly of multl-subunii 
proteins ts often a requirement for protein secretion, and 
thus might serve as an important regulatory step m the 
accretocy process. 

Acfcrtouriedff/rwnts. We thank H. Murlaldo for gener- 
ously providing the pGpt-X3 clone. The excellent typing 
af Ms. Michaellc Montgomery is gratcf aUy acitnowledged. 
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